Role of the adenosine 3',5'-cyclic monophosphate (cAMP) in enhancing the efficacy of siRNA-mediated gene silencing in neuroblastoma cells.
Gene-silencing activity mediated by siRNA has been demonstrated in mammalian cells; however, the mechanism of its regulation is not well understood. Since downregulation of a number of genes occurs during adenosine 3',5'-cyclic monophosphate (cAMP)-induced differentiation of neuroblastoma (NB) cells, it is possible that cAMP may play a role in regulating siRNA activity during differentiation. To study this, we utilized an NB cell line (NBP2-PN25) that expresses a short-lived green fluorescent protein (d2EGFP) under the CMV promoter. These cells were transfected with a retroviral plasmid that expresses U6 promoter-driven expression of siRNA targeted to d2EGFP and then were treated with cAMP-elevating agents (200 microg/ml RO20-1724, an inhibitor of cyclic nucleotide phosphodiesterase, and 1 microg/ml prostaglandin A1, a stimulator of adenylate cyclase) for 2 or 24 h. The siRNA activity was measured by determining the level of intensity of d2EGFP protein by flow cytometry, and the level of d2EGFP mRNA by real-time PCR. The results showed that cAMP-elevating agents enhanced U6-driven siRNA activity directed towards d2EGFP in NB cells 24 h after treatment. One of the mechanisms of action of cAMP is mediated via phosphatidylinositol 3-kinase (PI3K) inhibition; therefore, we have investigated the effect of a PI3K inhibitor on siRNA activity. This study showed that inhibition of PI3K also enhanced U6-driven siRNA activity towards d2EGFP. cAMP-stimulating agents increased U6 transcript levels, perhaps suggesting that increased siRNA activity may in part be due to an increase in transcriptional activity. When NB cells were transfected with a synthetic siRNA directed to d2EGFP, both cAMP elevation and PI3K inhibition similarly enhanced siRNA activity. Sodium butyrate, which inhibits the growth of NB cells similar to the effect produced by cAMP, did not affect U6-driven siRNA activity towards d2EGFP. Protein kinase C (PKC) activation or inhibition also failed to affect siRNA activity in NB cells. This study also showed that cAMP elevation and PI3K inhibition increases U6-driven siRNA activity directed towards an endogenous gene, p53. Our data suggest a role for the cAMP pathway in affecting the efficacy of siRNA system during differentiation of NB cells.